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APPARATUS AND METHOD FOR CONDITIONING A CONTACT SURFACE OF A 
PROCESSING PAD USED IN PROCESSING MICROELECTRONIC WORKPIECES 

TECHNICAL FIELD 

The present invention is related to end-effectors, conditioning machines, 
planarizing machines and methods for conditioning a contact surface of a processing 
pad used in processing microelectronic workpieces. The processing pads can be 
planarizing pads used in chemical-mechanical planarization and/or electrochemical- 
mechanical deposition processes. 

BACKGROUND 

Mechanical and chemical-mechanical planarizing processes (collectively 
"CMP") remove material from the surface of semiconductor wafers, field emission 
displays or other microelectronic substrates -in the production of microelectronic 
devices and other products. Figure 1 schematically illustrates a CMP machine 10 with 
a platen 20, a carrier assembly 30, and a planarizing pad 40. The CMP machine 10 
may also have an under-pad 25 attached to an upper surface 22 of the platen 20 and 
the lower surface of the planarizing pad 40. A drive assembly 26 rotates the platen 20 
(indicated by arrow F), or it reciprocates the platen 20 back and forth (indicated by 
arrow G). Since the planarizing pad 40 is attached to the under-pad 25, the planarizing 
pad 40 moves with the platen 20 during planarization. 

The carrier assembly 30 has a head 32 to which a substrate 12 may be 
attached, or the substrate 12 may be attached to a resilient pad 34 in the head 32. The 
head 32 may be a free-floating wafer carrier, or an actuator assembly 36 may be 
coupled to the head 32 to impart axial and/or rotational motion to the substrate 12 
(indicated by arrows H and I, respectively). 

The planarizing pad 40 and a planarizing solution 44 on the pad 40 
collectively define a planarizing medium that mechanically and/or chemically- 
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mechanically removes material from the surface of the substrate 12. The planarizing 
pad 40 can be a soft pad or a hard pad. The planarizing pad 40 can also be a fixed- 
abrasive planarizing pad in which abrasive particles are fixedly bonded to a suspension 
material. In fixed-abrasive applications, the planarizing solution 44 is typically a non- 

5 abrasive "clean solution" without abrasive particles. In other applications, the 
planarizing pad 40 can be a non-abrasive pad composed of a polymeric material (e.g., 
polyurethane), resin, felt or other suitable materials. The planarizing solutions 44 used 
with the non-abrasive planarizing pads are typically abrasive slurries with abrasive 
particles suspended in a liquid. 

io To planarize the substrate 12 with the CMP machine 10, the carrier 

assembly 30 presses the substrate 12 face-downward against the polishing medium. 
More specifically, the carrier assembly 30 generally presses the substrate 12 against 
the planarizing liquid 44 on a planarizing surface 42 of the planarizing pad 40, and the 
platen 20 and/or the carrier assembly 30 move to rub the substrate 12 against the 

15 planarizing surface 42. As the substrate 12 rubs against the planarizing surface 42, 
material is removed from the face of Ihe substrate 12. .. — 

CMP processes should consistently and accurately -produce a uniformly 
planar surface on the substrate to enable precise fabrication of circuits and photo- 
patterns. During the construction of transistors, contacts, interconnects and other 

20 features, many substrates develop large "step heights" that create highly topographic 
surfaces. Such highly topographical surfaces can impair the accuracy of subsequent 
photolithographic procedures and other processes that are necessary for forming sub- 
micron features. For example, it is difficult to accurately focus photo patterns to within 
tolerances approaching 0.1 micron on topographic surfaces because sub-micron 

25 photolithographic equipment generally has a very limited depth of field. Thus, CMP 
processes are often used to transform a topographical surface into a highly uniform, 
planar surface at various stages of manufacturing microelectronic devices on a 
substrate. 

In the highly competitive semiconductor industry, it is also desirable to 
30 maximize the throughput of CMP processing by producing a planar surface on a 
substrate as quickly as possible. The throughput of CMP processing is a function, at 
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least in part, of the polishing rate of the substrate assembly and the ability to accurately 
stop CMP processing at a desired endpoint. Therefore, it is generally desirable for 
CMP processes to provide (a) a uniform polishing rate across the face of a substrate to 
enhance the planarity of the finished substrate surface, and (b) a reasonably consistent 

5 polishing rate during a planarizing cycle to enhance the accuracy of determining the 
endpoint of a planarizing cycle. 

One concern of CMP processing using soft pads is that they may not 
produce a flat, planar surface on the workpiece because they may conform to the 
topography of the workpiece. Soft pads also have a relatively short life span because 

10 the conditioning devices and the abrasive slurries wear away soft pads. Therefore, 
many current planarizing applications use hard pads to overcome the drawbacks of soft 
pads. 

Although hard pads can be an improvement over soft pads, hard pads 
can be difficult to "condition" to bring the planarizing surface into a desired state for 

15 accurately planarizing workpieces. To condition a hard pad, an end-effector having 
small diamond particles can be rubbed across the surface of the planarizing pad to 
form microscratches in the pad surface. However, the microscratches are generally 
formed in a relatively random pattern because the diamond end-effector is swept 
across the pad surface while the pad rotates. The conditioned surface can vary, which 

20 can cause variances in planarizing results throughout a run of wafers or from one pad 
to another. Moreover, the diamond particles on the end-effector may break off during 
the conditioning cycle, which can produce defects in the planarizing pad or remain on 
the planarizing pad during a planarizing cycle and produce defects in the wafers. Hard 
polishing pads can accordingly be difficult to maintain. 

25 A serious concern of using hard pads with raised microfeatures is that 

conditioning the planarizing surface with a diamond end-effector can significantly alter 
the size and shape of the raised features. The desired microfeatures on hard polishing 
pads are arranged in patterns with very precise sizes, shapes and spacings between 
the microfeatures. It will be appreciated that abrading the bearing surfaces of the 

30 microfeatures may alter the size and shape of the microfeatures in a manner that alters 
the planarizing characteristics of the polishing pad. Therefore, it would be desirable to 
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develop a process for conditioning hard polishing pads in a manner that preserves the 
integrity of the planarizing surface. 



SUMMARY OF THE INVENTION 

The present invention is directed toward devices, systems and methods for 
5 conditioning a contact surface of a processing pad used in processing microelectronic 
workpieces. One embodiment of a conditioning device comprises an end-effector 
having a conditioning surface configured to engage the contact surface of the 
processing pad and a plurality of microstructures on the conditioning surface. The 
microstructures can be arranged in a pattern corresponding to a desired pattern of 
10 microfeatures on the contact surface of the processing pad. In several embodiments, 
the microstructures are raised elements projecting from the conditioning surface and/or 
depressions in the conditioning surface. The conditioning surface can also be smooth. 
The conditioning device can also include a heater coupled to the end-effector for 
heating the processing pad. ^ „ 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view of a planarizing machine in accordance 
with the prior art with selected components shown schematically. 

Figure 2 is a side elevation view of a planarizing system including a 
conditioning assembly in accordance with an embodiment of the invention with selected 
20 components shown in cross section or schematically. 

Figure 3 is a side elevation view showing a cross-sectional portion of a 
processing pad and a detailed portion of a conditioning assembly in accordance with 
an embodiment of the invention. 

Figure 4 is a side elevation view of a planarizing system including a 
25 conditioning assembly in accordance with another embodiment of the invention with 
selected components shown in cross section or schematically. 

Figure 5 is a top plan view of a planarizing system including a 
conditioning assembly in accordance with another embodiment of the invention. 
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Figure 6 is a side elevation view of a planarizing system with a 
conditioning assembly in accordance with an embodiment of the invention with selected 
components shown in cross-section or schematically. 

Figures 7A-7C are cross-sectional, isometric views of conditioning 
5 surfaces on conditioning assemblies in accordance with various embodiments of the 
invention. 

DETAILED DESCRIPTION 

The following disclosure describes conditioning assemblies, planarizing 
machines with conditioning assemblies, and methods for conditioning processing pads 

10 used in chemical-mechanical planarization and electrochemical-mechanical 
planarization/deposition of microelectronic workpieces. The microelectronic 
workpieces can be semiconductor wafers, field emission displays, read/write media, 
and many other types of workpieces that have microelectronic devices with miniature 
components. Many specific details of the invention are described below with reference 

15 to rotary planarizing applications to provide a thorough understanding of such 
embodiments. The present invention, however, can also be practiced using web-format 
planarizing machines and electrochemical-mechanical planarization/deposition 
machines. Suitable web-format machines that can be adapted for use with the present 
invention include U.S. Application Nos. 09/595,727 and 09/565,639, which are herein 

20 incorporated by reference. A person skilled in the art will thus understand that the 
invention may have additional embodiments, or that the invention may be practiced 
without several of the details described below. 

Figure 2 is a cross-sectional view of a planarizing system 100 having a 
conditioning assembly 160 in accordance with an embodiment of the invention. The 

25 planarizing machine 100 has a table 114 with a top panel 116. The top panel 116 is 
generally a rigid plate to provide a flat, solid surface for supporting a processing pad. 
In this embodiment, the table 1 14 is a rotating platen that is driven by a drive assembly 
118. 

The planarizing machine 100 also includes a workpiece carrier assembly 
30 130 that controls and protects a microelectronic workpiece 131 during planarization or 
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electrochemical-mechanical planarization/deposition processes. The carrier assembly 
130 can include a workpiece holder 132 to pick up, hold and release the workpiece 131 
at appropriate stages of a planarizing cycle and/or a conditioning cycle. The workpiece 
carrier assembly 130 also generally has a backing member 134 contacting the 
5 backside of the workpiece 131 and actuator assembly 136 coupled to the workpiece 
holder 132. The actuator assembly 136 can move the workpiece holder 132 vertically 
(arrow H), rotate the workpiece holder 132 (arrow /), and/or translate the workpiece 
holder 132 laterally. In a typical operation, the actuator assembly 136 moves the 
workpiece holder 132 to press the workpiece 131 against a processing pad 140. 

io The processing pad 140 shown in Figure 2 has a planarizing medium 142 

and a contact surface 144 for selectively removing material from the surface of the 
workpiece 131. The planarizing medium 142 can have a binder 145 and a plurality of 
abrasive particles 146 distributed throughout at least a portion of the binder 145. The 
binder 145 is generally a resin or another suitable material, and the abrasive particles 

15 146 are generally alumina, ceria, titania, silica or other suitable abrasive particles. At 
least some of the abrasive particles : t46^are partially exposed -at the contact surface 
144 of the processing pad 140. Suitable fixed-abrasive pianarizing-pads are disclosed 
in U.S. Patent Nos. 5,645,471; 5,879,222; 5,624,303; and U.S. Patent Application Nos. 
09-164,916 and 09-001,333; all of which are herein incorporated by reference. In other 

20 embodiments the processing pad 140 can be a non-abrasive pad without abrasive 
particles, such as a Rodel OXP 3000 "Sycamore" polishing pad manufactured by Rodel 
Corporation. The Sycamore pad is a hard pad with trenches for macro-scale slurry 
transportation underneath the workpiece 131. The contact surface 144 can be a flat 
surface, or it can have a pattern of micro-features, macrogrooves, and/or other 

25 features. 

Referring still to Figure 2, the conditioning assembly 160 can include an 
end-effector 162 carried by an end-effector carrier assembly 170. The end-effector 162 
can include a conditioning surface 164 and a plurality of microstructures 166 on the 
conditioning surface 164. The end-effector 162 shown in Figure 2 is a conical roller in 
30 which the conditioning surface 164 has a frusto-conical shape. The conical roller is 
configured so that the linear velocity of the conditioning surface 164 corresponds to the 
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linear velocity of the contact surface 144 along the radius of the contact pad 140. For 
example, for a pad having a radius of "X" and a conical roller having a diameter of "Y n 
at the base, the angle 0 of the conical roller is: 

0 = asm — 



5 The conical conditioning surface 164 is expected to provide consistent results 

because the parity of the linear velocity with the contact surface 144 along the radius of 
the processing pad 140 is expected to reduce slippage between the end-effector 162 and 

the pad 140. 

The microstructures 166 can be raised features that project radially 

10 outwardly from the conditioning surface 164, depressions in the conditioning surface 
164, or any combination of structures. The microstructures are typically arranged in a 
pattern and have shapes corresponding to a pattern of microfeatures and/or 
macrogrooves on the contact surface 144 of the processing pad 140. For example, 
when the pad has macrogrooves for transporting the planarizing solution, the 

is microstructures 166 could be concentric bands around the end-effector 162. The 
microstructures 166 can be arranged in patterns in which several different types of 
microstructures 166 are combined in a desired pattern on the conditioning surface 164. 
In operation, the end-effector 162 embosses or imprints the pattern of the 
microstructures 166 on the contact surface 144 of the pad 140 as the end-effector 162 

20 rolls with the pad 140. 

The end-effector carrier assembly 170 shown in Figure 2 includes an arm 
172, a rotary drive unit 174 coupled to the arm 172, and a vertical actuator 176 also 
coupled to the arm 172. The arm 172 can be a shaft, and the rotary drive unit 174 can 
be an electrical, pneumatic, hydraulic or another type of suitable motor for rotating the 

25 arm 172 about axis A-A. In the embodiment shown in Figure 2, the vertical actuator 
176 is coupled to the arm 172 via the rotary drive unit 174 such that the vertical 
actuator 176 lifts both the rotary drive unit 174 and the arm 172. In operation, a 
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desired downforce is applied to the end-effector 162 to imprint or otherwise impart the 
desired surface condition to the contact surface 144. The rotary drive unit 174 rotates 
the end-effector 162 so that the linear velocity of the contact surface 164 is at a desired 
ratio relative to the pad 140. As explained above, the velocity ratio is usual 1:1, but it 
5 can be different such that the linear velocity of the end-effector 162 is different than 
that of the pad 140. 

In an alternate embodiment, the end-effector assembly 170 does not 
include a rotary drive unit 174, but rather the end-effector 162 is rotatably mounted to 
the arm 172 by a bearing 168 or other rotary connection. This embodiment operates by 

10 pressing the end-effector 162 against the pad 140 so that the friction between the pad 
140 and the end-effector 162 rotates the end-effector 162 about the arm 172. 

The conditioning assembly 160 can also include a heater 180. In the 
embodiment shown in Figure 2, the heater 180 is in the end-effector 162 to heat the 
conditioning surface 164 and the microstructures 166. Alternative embodiments of the 

15 conditioning assembly 160 can include a heater that is separate from the end-effector 
162. The heater 180 can be an eiectrical element .or a plurality of electrical elements 
extending through the end-effector 162 near the. conditioning surface 164. The heater 
180 can alternatively be a manifold system within the end-effector 162 for carrying a 
heated fluid {e.g., a hot gas or liquid) throughout the end-effector 162. The 

20 conditioning surface 164 is heated to increase the plasticity of the planarizing medium 
142 so that the end-effector 162 can more effectively emboss the pattern of the 
microstructures 166 onto the contact surface 144 of the processing pad 140. The 
temperature of the conditioning surface 164 is selected to heat the planarizing medium 
142 of the pad 140 to a temperature at least relatively near its glass transition 

25 temperature so that the contact surface 164 and/or the microstructures 166 can 
precisely impart the desired topography to the contact surface 144 of the pad 140. For 
example, if the planarizing medium 142 is a urethane, the heater 180 can heat the 
contact surface 144 of the pad 140 to approximately 35-190T, or in some applications 
100-180°C, or in more specific applications 120-180°C. The temperature of the 

30 conditioning surface 164 will generally be higher than the desired temperature of the 
contact surface 144 because the pad 140 only contacts the end-effector 162 for a 
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moment. Additionally, other temperature ranges can be used for urethane pads or 
pads having other types of planarizing media. 

Figure 3 is a side elevation view showing a cross-sectional portion of the 
processing pad 140 and a side elevation view of a portion of the end-effector 162 in 
5 greater detail. In this embodiment, the contact surface 144 of the processing pad 140 
has a plurality of microfeatures 147 defined by truncated pyramids. The microfeatures 
147 are arranged in a desired pattern across the contact surface 144, and the 
microfeatures 147 have bearing surfaces 148 for contacting the workpiece. The 
processing pad 140 can also include a plurality of trenches that can be macro-trenches 

10 for transporting planarizing fluid or micro-trenches for holding small volumes of fluid 
relative to the workpiece as it moves across the contact surface 144. The end-effector 
162 can accordingly have a plurality of microstructures 166 defined by truncated 
pyramids that project from the conditioning surface 164 in a pattern corresponding to 
the pattern of the microfeatures 147 on the contact surface 144. The microstructures 

15 166 on the end-effector 162 can have side walls 167 that project away from the 
conditioning surface 164 and bearing surfaces 168. The side walls 167 can have a 
height of approximately 1 to 500 (urn, and the bearing surfaces 168 can have a surface 
area of approximately 1 to 200 |nm 2 . Additionally, the microstructures 166 can be 
spaced apart from each other by approximately 1 to 200 jim. It will be appreciated that 

20 in alternate embodiments the microstructures can be depressions in the conditioning 
surface 164 that have the shape of an inverted truncated pyramid. Additionally, the 
microstructures 166 are not limited to the foregoing shapes, spacing, sizes and/or 
patterns, but rather the configuration of the microstructures 166 generally is generally 
determined to provide the desired surface condition on the contact surface 144. 

25 Alternate embodiments of the end-effector 162 can have a smooth contact surface 144 
without microstructures 166. 

Figures 2 and 3 together illustrate the operation of the conditioning 
assembly 160 to condition the pad 140. In one embodiment, the end-effector 162 is 
pressed against the contact surface 144 of the pad 140. The down force of the end- 

30 effector 162 can be selected to emboss the design of the microstructures 166 onto the 
contact surface 144. The end-effector 162 can also be heated to a temperature that 
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will impart the desired plasticity to the material of the pad 140 to further enhance the 
precision with which the end-effector 162 can reform the contact surface 144 of the pad 
140. As the end-effector 162 presses against the pad 140, the rotary drive unit 174 
rotates the end-effector 162 in coordination with the rotation of the processing pad 140. 
5 One aspect of operating the conditioning assembly 160 in this matter is that the contact 
surface 144 will be refurbished to correspond to the pattern of the conditioning surface 
164 of the end-effector 162. In one embodiment, the end-effector 162 conditions the 
contact surface 144 in situ and in real time during a processing cycle in which the 
workpiece 131 also contacts the pad 140. In alternate embodiments, the end effector 

10 162 is pressed against the pad 140 between processing cycles such that the workpiece 
131 is not engaged with pad 140 during an independent conditioning cycle. 

Several embodiments of the pianarizing system 100 are expected to 
produce a consistent contact surface on hard polishing pads for enhancing the 
pianarizing results of chemical-mechanical planarization and/or electrochemical- 

15 mechanical planarization/deposition. The conditioning assembly 160 refurbishes the 
contact surface 144 of the pad 140 because it precisely reforms microfeatures on the 
contact surface 144. One feature of the conditioning assembly 160 that allows the end- 
effector 162 to precisely reform microfeatures on the contact surface 144 is that the 
microstructures 166 can consistently contact desired areas on the processing pad 140. 

20 Additionally, the microstructures 166 can be formed in precise shapes, sizes and 
patterns using precision machining and/or etching techniques. Therefore, several 
embodiments of the conditioning assembly 160 are expected to consistently reform the 
microfeatures on the contact surface 144 to provide consistent pianarizing results. 

Several embodiments of the conditioning assembly 160 are also expected 

25 to enhance the throughput of finished wafers because the hard polishing pads can be 
conditioned in situ and in real time during a processing cycle. Because the 
conditioning assembly 160 embosses or imprints the desired pattern of microfeatures 
on the contact surface 144, it is not necessary to use a diamond end-effector that is 
subject to producing defects in the processing pad and/or the workpiece for the 

30 reasons explained above. Several embodiments of the conditioning assembly 160 are 
accordingly useful for conditioning the processing pad during the processing cycle so 
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that the planarizing machine 100 is not subject to downtime for conditioning the 
processing pad 140 during an independent conditioning cycle. Therefore, several 
embodiments of the conditioning assembly 160 are also expected to enhance the 
throughput of finished workpieces. 
5 The embodiments of the conditioning assembly 160 shown in Figures 2 

and 3 are also expected to enhance the life of processing pads. Unlike conventional 
diamond end-effectors that produce microscratches on the surface of the processing 
pad, the conditioning system 160 is expected to reform the microfeatures on the contact 
surface of the pad without abrading material from the pad. This is expected to enhance 

10 the life of the processing pads because the abrasion caused by conventional diamond 
end-effectors wears down areas of the pads such that raised features, depressions 
and/or trenches in the pads do not produce consistent planarizing results. Several 
embodiments of the conditioning assembly 160 eliminate this problem because they do 
not remove material from the processing pad, but rather they reform the shape or the 

15 contour of the contact surface of the processing pad so that it provides a consistent 
pattern of raised features and/or trenches. Therefore, several embodiments of the 
conditioning assembly 160 are expected to enhance the life of processing pads. 

Figure 4 is a cross-sectional view of a planarizing system 200 having a 
conditioning assembly 260 in accordance with another embodiment of the invention. 

20 The planarizing machine 200 has a table 114, a carrier assembly 130, and a 
processing pad 140, which can be the same or at least substantially similar to those 
described above with reference to Figure 2. It will be appreciated that like reference 
numbers refer to like components in Figures 2-4. 

The conditioning assembly 260 can include an end-effector 262 carried 

25 by an end-effector carrier assembly 270. The end-effector 262 can include a 
conditioning surface 264 and a plurality of microstructures 266. In this embodiment, 
the end-effector 262 is a cylindrical roller with a cylindrical conditioning surface 264. 
The microstructures 266 can be a plurality of fins for forming grooves in the contact 
surface 144 of the processing pad 140. The grooves can be microgrooves and/or 

30 macrogrooves, and as explained above the microstructures 266 can have other 
shapes. 
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The end-effector carrier assembly 270 shown in Figure 4 includes an arm 
272 and a vertical actuator 276. The end-effector 262 can further include a bearing 
that couples the end-effector 262 to the arm 270 so that the friction between the end- 
effector 162 and the pad 140 can rotate the end-effector 162 about the arm 272. In one 
5 embodiment, the end-effector carrier assembly 270 can also include a rotary drive unit 
(not shown in Figure 4) similar to the rotary drive unit 174 shown in Figure 2 to rotate 
the cylindrical end effector 262. The conditioning assembly 260 is expected to operate 
in much the same manner as explained above with reference to the conditioning 
assembly 160. 

io Figure 5 is a top plan view of a pianarizing system 300 having a wafer 

carrier assembly 130, a processing pad 140, and a conditioning assembly 160 that are 
the same as those described above with reference to Figure 2. The pianarizing system 
300 also includes a secondary conditioning assembly 380 including an abrasive end- 
effector 382 and an actuator 384. The secondary conditioning assembly 380 can be a 

is diamond embedded end-effector for producing microscratches on the contact surface 
144 of the processing pad or a brush for removing debris from the pad. The pianarizing 
machine 300 can operate in a manner similar to the pianarizing machine 100 described 
above with reference to Figure 2, but the secondary conditioning assembly 380 is 
typically not activated during a pianarizing cycle. One advantage of the pianarizing 

20 system 300 is that the abrasive end-effector 382 of the secondary conditioning 
assembly 380 can remove glazed material from the contact surface 144, and then the 
conditioning assembly 160 can reform the microfeatures on the contact surface 144. 
The pianarizing system 300, however, may produce defects in the processing pad 140 
and/or the workpiece 131 because the diamond particles or the abrasive matter on the 

25 abrasive end-effector 382 can cause defects during a pianarizing cycle. 

Figure 6 is a side elevation view of another pianarizing machine 400 
having a conditioning assembly 460 in accordance with another embodiment of the 
invention. The pianarizing machine 400 can include a table 114, a drive assembly 118, 
and a processing pad 140 that are similar to those described above with reference to 

30 the pianarizing machine 100 of Figure 2. As such, like reference numbers refer to like 
components in Figures 2 and 6. 
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The conditioning assembly 460 can include an end-effector 462 having a 
conditioning surface 464 with a plurality of microstructures 466. The end-effector 462 
can be a large plate that is approximately the same size and shape as the processing 
pad 140. Alternate embodiments of the conditioning assembly 460 can have plates 
5 that are much smaller than the pad to condition a discrete section of the pad 140. The 
microstructures 466 in this embodiment are cylindrical posts that project from the 
conditioning surface 464, but it will be appreciated that other types of microstructures 
can be used on the conditioning surface 464. The conditioning assembly 460 also 
includes an actuator 470 that can be coupled to the end-effector 462 by a gimbal joint 

10 472 or another type of connector. The conditioning system 460 can also include a 
heater 480, such as a plurality of resistive electrical wires in the end-effector 462 or 
pathways for a heated fluid. 

The conditioning assembly 460 operates by heating the end-effector 462 
to a desired temperature and then moving the end-effector 462 downward to press the 

15 microstructures 466 and the conditioning surface 464 against the contact surface 144 
of the pad 140. The conditioning assembly 460 accordingly embosses or imprints the 
pattern of the microstructures 466 onto the contact surface 144 of the pad 140. 

Figures 7A-7C are partial isometric cross-sectional views of various 
additional embodiments of end-effectors for use with conditioning assemblies in 

20 accordance with embodiments to the invention. Referring to Figure 7A, the end- 
effector 710a can have a plurality of microstructures 712a defined by depressions in 
the shape of truncated pyramids, cylinders, spheres, cones, or any other shapes that 
are suitable for embossing raised features on the surface of the processing pad. 
Figure 7B illustrates an embodiment of an end-effector 710b having microstructures 

25 7 1 2b defined by rectilinear posts. Figure 7C illustrates an end-effector 710c having a 
plurality of microstructures 712c defined by fins that project away from the conditioning 
surface. It will be appreciated that the microstructures can have other shapes and 
sizes. 

From the foregoing, it will be appreciated that specific embodiments of the 
30 invention have been described herein for purposes of illustration, but that various 
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modifications may be made without deviating from the spirit and scope of the invention. 
Accordingly, the invention is not limited except as by the appended claims. 
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